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APLICATII INDUSTRIALE-PRACTICIANUL SUDOR

INDUSTRIAL APPLICATION-WELDING PRACTITIONER

Cerinte structurale necesare sudarii cap la cap a sinelor din
componenta caii ferate si a aparatelor de cale

Structural requirements for the butt-welding of railways and switches

Nicolae lonescu

Rezumat

Articolul prezintd importanta normelor europene (EN) si a standardelor romdnesti (SREN) pentru calea feratd
propriu-zisa si aparatele de cale, preluate integral prin traducerea acestora, precum si anumite propuneri de
completare si modificare a unor prevederi din aceste norme tehnice in scopul imbundtdtirii calitatii si a sigurantei
circulatiei trenurilor in transportul de persoane si madrfuri.

Cuvinte cheie
sudare cap la cap, tensiuni remanente, examinare vizuald, oboseald sub sarcini din exploatare in regim dinamic/static (prin
variatia temperaturii mediului ambiant), particularitdti ale rezistentei la solicitdri variabile si soc

Abstract

This article discusses the importance of European (EN) and Romain (SREN) standards for railways (train
tracks) and switch (track devices), il also proposes the completion and includes suggestions for the im-
provement of technical norms, with the aim of improving the quality and safety of human and cargo rail-

way transport.
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ture), peculiarities of resistance to variable stress and shock

1. Introducere

Tendinta mondiala a traficului feroviar privind viteza
transportului persoanelor este de generalizare la
maxim 250 km/h si a marfurilor la maxim 130 km/h
pe aliniamentul si palierul cdii ferate propriu-zise si
pe linia directa a aparatelor de cale cu toate joan-
tele sudate cap la cap; pe liniile in curba si pe linia
deviatd (abatuta) a aparatelor de cale, viteza este
determinata de caracteristicile geometrice ale curbei.
Normele europene (EN) acordd o importanta
deosebita calitatii produselor industriale specifice
infrastructurii feroviare cu privire la sine, aparate de
cale si tehnologiile de sudare cap la cap aferente [1],
(2], 13], [4], [5]-

In lucrarea [2] EN 13232 —9:2006, la capitolul 6.2 se
fac urmatoarele referiri cu privire la produsul indus-
trial aparat de cale:

,Fiind datd complexitatea sistemului, nu poate fi

1. Introduction

The global trend of rail traffic regarding the speed of
passengers’ transport is generalized at a maximum
of 250 km / h and for freight trains at a maximum of
130 km / h on the alignment and level of the railway
itself and on the direct line of tracked equipment
with all joints but-welded; on curved rails and on the
deviated (deviated) line of track devices, the speed
is determined by the geometric characteristics of
the curve.

European norms (EN) place particular emphasis on
the quality of industrial products specific to railway
infrastructure with regard to rails, track equipment
and related welding technologies [1], [2], [3],[4], [5].
In the paper [2] EN 13232- 9: 2006, in chapter 6.2
the following references are made regarding the in-
dustrial product of the track apparatus:

“Given the complexity of the system, no general rules
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fixata nicio reguld generald pentru aceasta proiec-
tare. Pentru proiectele existente furnizorul trebuie sa
aduca dovada validitatii indirecte a lor, prin aplicatii
similare si/sau referinte pertinente. Pentru proiecte
noi, proiectantul trebuie sa faca dovada validitatii
lor prin calcule, incercari de laborator si/sau in ex-
ploatare, in conformitate cu cerintele clientului. Caile
ferate trebuie concepute In mod adecvat pentru a
garanta stabilitatea c3ii sub trafic. Incarcarile orizon-
tale si verticale trebuie transmise corect la platforma
cadii. Fortele termice trebuie corect transferate prin
aparatul de cale la sectiunile de cale adiacente si la
platforma caii”.

Tn situatia actuald si in perspectiva unui orizont de
minim 50 de ani a dezvoltarii transportului feroviar
de persoane si marfuri la nivel european si mon-
dial, cu operatori privati concurentiali operatorilor
nationali (de exemplu MAV, BDZ, OBB, DB, PKP, SNCF
etc.), aparatul de cale cu sinele aferente sudate cap
la cap prin topire trebuie sa raspunda corespunzator
si sigur pe toata perioada de utilizare diverselor ca-
tegorii de material rulant (de tractiune si tractat)
care au caracteristici constructive diferite (aparat de
rulare, ampatament, suspensie, formula osiilor etc.),
precum si uzuri diferite.

2. Legatura sinelor din compunerea
caii ferate si a aparatelor de cale

De lainceputul cdilor ferate sia aparatelor de cale, sinele
si reperele de rulare s-au realizat legate intre ele prin
eclise cu organe de asamblare (suruburi, piulite siinele
resort) care formeaza un ajustaj ce poartd denumirea
tehnicd feroviard de joant3. Intre capetele sinelor si ale
reperelor de rulare (ace, contraace, sine de legaturg,
sine de rulare cu contrasine, inimi de incrucisare) se
lasa un spatiu liber denumit rost pentru dilatarea si
contractia libera a celor doua piese in contact, din cau-
za temperaturii variabile a mediului ambient.

Prin tehnica noua — linia fara joante — se face continua
prin suprimarea ecliselor si a organelor de asamblare la
calea ferata propriu-zisa si la aparatele de cale, cu mari
avantaje pentru traficul feroviar, cu economie de ma-
terial si intretinere pentru materialul rulant, urmare a
cercetdrii inovatoare care s-a extins si definitivat gratie
tehnicienilor care au invins rutina [6], [7], [8], [9].

In anul 1933 s-au sudat sinele tip 45 kg/m in tu-
nelul Timis pe linia Bucuresti — Brasov, prin metoda
aluminotermica, pe o lungime de 975 m, in perioada
1935—1936 s-au realizat prin sudare oxiacetilenica sine
tip 40 kg/m pe linia Bucuresti — Giurgiu in tronsoane
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can be set for this design. For existing projects, the
supplier must provide proof of their indirect validity,
through similar applications and /or relevant refer-
ences. For new projects, the designer must prove
their validity by calculations, laboratory tests and /
or in-service, in accordance with customer require-
ments. The railways must be properly designed to
ensure the stability of the tracks under traffic. Hori-
zontal and vertical loads must be transmitted cor-
rectly to the track platform. The thermal forces must
be correctly transferred through the track apparatus
to the adjacent track sections and to the track plat-
form”.

In the current situation and in the perspective of a
horizon of at least 50 years of the development of
passenger and freight rail transport at European and
global level, with private operators competitive with
national operators (e.g. MAV, BDZ, OBB, DB, PKP,
SNCF etc.), the track device (switch) with its rails
butt-welded by melt welding must respond appro-
priately and safely throughout the use of the vari-
ous categories of rolling stock (traction and towing),
which have different construction characteristics
(running gear, wheelbase, suspension, axle formula
etc.) as well as various wear.

2. The connection of the rails in the compo-
sition of the railway and of the track devices

From the beginning of the railways and track devices,
rails and running parts have been connected to each
other by fasteners with joints (screws, nuts and spring
rings) which form an adjustment called the technical
rail joint. Between the ends of the rails and the run-
ning parts (needles, countersinks, connecting rails,
roller tracks with rails, switches points) there is a free
space called expansion joint for the free expansion
and contraction of the two parts in contact, due to
the variable temperature of the environment.

The new technique- the line without joints- is made
continuous by the removal of the clips and fasteners
on the railway itself and on the track devices, with
great advantages for rail traffic, material savings and
maintenance for rolling stock, as a result of innovative
research that has been extended and finalized thanks
to the technicians who have overcome the routine
(61, (71, 8], [O].

In 1933, the rails type 45 kg/m were welded in the
Timis tunnel on the Bucharest- Brasov line, by the alu-
minothermic method, on a length of 975 m. In the pe-
riod 1935- 1936, 40 kg/m type rails were welded by
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de 30 m si 60 m pe o lungime de 9 km, intre statiile
Filaret si Jilava care nu au dat rezultatele asteptate, in
anul 1940, C.FR. s-au adresat intreprinderilor elec-
tromecanice Timisoara care realizau cu succes su-
darea cap la cap prin topire intremediara a sinelor de
tramvai cu o masina electrica folosind principiul de
topire intermediard si presiune cap la cap cu rezultate
corespunzatoare (niciun rost sudat nu s-a fisurat sau
rupt); aceasta instalatie modernizata prin staruinta
academicianului C. Miclosi a devenit producatorul
sudarii cdii ferate propriu-zise cu denumirea , TAURUS”
[9]. Experienta obtinuta in perioada 1961-1979 in ceea
ce priveste stabilitatea caii fara joante la C.FR. a primit
o buna apreciere la consfatuirea de la Budapesta —
iulie 1963 din cadrul Comisiei a IX-a a O.C.C.F. ,calea
fard joante” constatandu-se ca in Ungaria, Polonia, fos-
tele Cehoslovacia si R.D. Germana se folosea aproape
in exclusivitate metoda aluminotermica, in timp ce in
Romania, Bulgaria si fosta U.R.S.S. se utiliza metoda de
sudare electrica cap la cap prin topire intermediara si
presiune.

n tabelul 1 se prezintd procedeele tehnologice pentru
sudarea cap la cap a sinelor de cale ferata.

oxyacetylene method on the line Bucharest- Giurgiu
in sections of 30 m and 60 m on a length of 9 km, be-
tween Filaret and Jilava stations that did not give the
expected results. In 1940, CFR addressed to Timisoara
Electromechanical Factories which successfully per-
formed butt welding by melting tram rails with an
electric machine using the principle of intermediate
melting and butt pressure with corresponding results
(no welded joint cracked or broke); this modernized
installation through the perseverance of academician
C. Miclosi became the producer of the welding of the
railway itself with the name “TAURUS” [9]. The expe-
rience gained between 1961 and 1979 regarding the
stability of “The road without joints” at C.F.R. received
a good appreciation at the Budapest-July 1963 meet-
ing of the Ninth Commission of the O.C.C.F finding
that in Hungary, Poland, the former Czechoslovakia
and R.D. In Germany, the aluminothermic method
was used almost exclusively, while Romania, Bulgaria
and the former U.R.S.S., used the method of electric
butt welding by intermediate melting and pressure.
Table 1 shows the technological processes for butt
welding of railway tracks.

Tabelul 1. Procedee tehnologice pentru sudarea cap la cap a sinelor de cale ferata
Table 1. Technological processes for butt welding of railway rails

Rezistenta la incovoieri
Procedeul de sudare j

Posibilitati de

intermediate melting
and pressure

Always

. repetate, % fata de . N Observatii
cap la cap al sinelor . . aplicare in cale ’
sina nesudata
Butt welding Resistance to repeated Possibilities of Notes
processes for railway bending, % to non- application on
tracks welded rail the railway
Sunt necesare materiale de aport (electrozi, flux) din
Cu arc electric n toate cazurile | import si sudori de inalt4 calificare; se foloseste numai
pe linii putin solicitate (linii uzinale, garare).
: = 60...70 . = =
With electric arc Imported input materials (electrodes, flux) and highly
Always qualified welders are required; used only on low-
demand lines (factory lines, garage).
. . - . Sunt necesare utilaje si accesorii simple; termitul se
Aluminotermic In toate cazurile . 4
procura din import.
- - 60...65 - - -
Aluminothermic Always Simple machinery and accessories are needed; the
termite is imported.
. : Nu s-a aplicatla | Sunt necesare instalatii speciale si consum ridicat de
Cu gaze si presiune i B g
90..95 CFR oxigen si gaze (acetilend).
With gas and Not appliable Special installations and high oxygen and gas
pressure with CFR (acetylene) requirements are required.
Electric prin topire Tn uzind este necesar o instalatie fixd de sudare in
intermediara si n toate cazurile | regim automat, iar in cale o instalatie identicd, cu sursa
presiune 95...100 de energie electrica proprie.
Electric by A fixed automatic welding installation is required in

the factory, and an identical installation with its own
power source is required.

Din acel moment, sudarea sinelor a fost trecuta in
planul C.F.R. prin organizarea esaloanelor de sudare
cu extinderea acestui procedeu — SUDARE ELECTRICA
CAP LA CAP PRIN TOPIRE INTERMEDIARA si PRESIUNE

From that moment, the welding of the rails was in-
cluded in the C.F.R. plan by organizing the welding
stages with the extension of this process- ELECTRIC
WELDING THROUGH INTERMEDIATE MELTING and
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- cu toata logistica realizata Tn tara noastrd, inclusiv
elaborarea instructiunilor de lucru, scolarizare —
examinare — autorizare personal de executie — su-
praveghere siintretinere, avand forma organizatorica
de unitate economica ,SUDAREC”; aceasta a realizat
circa 7.000 km de cale feratd propriu-zisa prin uti-
lizarea acestui procedeu. Dupa evenimentele din
decembrie 1989, aceasta societate comerciala care
reconditiona si toate sinele uzate scoase din calea
ferata prin reprofilarea suprafetei de rulare si le
resuda cap la cap prin acelasi procedeu, in sine lungi
de circa 30 m pentru linii de primire — expediere,
triaje si cai ferate uzinale (industriale) a fost lichidata
ca nefiind utila si rentabila C.F.R.

n ceea ce priveste proiectarea structurii de rezistent
a mecanismului complex — aparatul de cale- este
necesar ca proiectantul si tehnologul de fabricatie sa
respecte faptul cd solicitdrile pieselor componente
ale acestui produs industrial nu sunt numai incarcari
orizontale, verticale si termice ce trebuie transmise
corect la platforma caii si la sectiunile de cale ferata
adiacente (a se vedea punctul 1), ci sunt solicitari
combinate, deoarece el are patru fire sau opt fire
care compun doua cai de circulatie, din care una
este linia directd si cealalta linia deviata (abatutad)
pentru schimbatorul simplu de cale, traversarea cu
jonctiune — dubla si bretea.

3. Particularitatile rezistentei la solicitari
variabile si soc ale sinelor si reperelor
de rulare

Fisurarea si ruperea sinelor si a reperelor de rulare
se rezuma la urmatoarele ipoteze:

e ruperea este initiata in zona defectelor de con-
tinuitate ce pot preexista sau sunt generate prin
legdturi la nivel structural primar (fabricatie
defectuoasa, receptie incompleta/toleranta,
lucrari de intretinere superficial executate etc.);

e ruperea este initiatd de o extindere a fisurilor
ce se declanseaza atunci cand local in zona
discontinuitatii se depdseste o marime critica
care poate fi de natura unei energii specifice,
tensiuni sau deformatii, fragilizare prin hidro-
gen etc.

n tara noastrd s-au ficut incercari de laborator la
scara 1:1 pe o instalatie speciala (pulsator) in cadrul
Filialei Academiei la Timisoara, devenitd ulterior
[.S.I.M. de catre academicienii Viorel Miclosi si Traian
Salagean, dr. ing. Clara Boarna si tehn. Aurel Simion
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PRESSURE - with all the logistics made in our coun-
try, including the elaboration of work instructions,
schooling- examination- authorization of execution
personnel- supervision and maintenance, having the
organizational form of economic unit "SUDAREC";
They covered about 7,000 km of the railway using
this process. Following the events of December
1989, this company that reconditioned all the used
rails removed from the railway by reshaping the
tread and rewelding them end to end by the same
process, in rails of about 30 m long as lines of receiv-
ing- shipping, sorting and plant (industrial) railways,
was liquidated as CFR considered it not being useful
and profitable.

Regarding the design of the resistance structure
of the complex mechanism - the track device- it is
necessary that the designer and the manufacturing
technologist should take into account the fact that
the demands of the components of this industrial
product are not only horizontal, vertical and thermal
loads to be transmitted correctly to the platform of
the railway and to adjacent railway sections (see
point 1), but they are combined demands, as it has
four wires or eight wires that make up two lanes,
one of which being the direct line and the other the
deviated line for the single interchange track, cross-
ing with double junction and strap.

3. Specifications of resistance to vari-
able stress and shock of rails and run-
ning parts

Cracking and breaking of rails and running parts are
summarized as follows:

 breakage is initiated in the area of continuity
defects that may pre-exist or are generated by
connections at the primary structural level (de-
fective manufacturing, incomplete / tolerant re-
ception, superficially performed maintenance
work etc.);

e breakage is initiated by an extension of the
cracks that is triggered when locally in the area
of the discontinuity a critical quantity is exceed-
ed which can be a specific energy, stresses or
deformations, hydrogen embrittlement etc.

In our country, laboratory tests were performed on a
1:1 scale on a special installation (pulsator) within the
Academy Branch in Timisoara, which later became
the I.S.I.M. Tests were performed by academics Viorel
Miclosi and Traian Salagean, Dr. Eng. Clara Boarna
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Moga si aceste ipoteze specifice ruperii materialelor
din otel au demonstrat trecerea de la interpretarea
ruperii ca fenomen de cedare global (teoriile elas-
tice din rezistenta materialelor Saint—Venant, Mohr
etc.) la interpretarea ruperii ca un fenomen local de
nucleatie (concentrator de tensiune) si propagarea
cu extindere a fisurilor sub actiunea celor mai di-
verse forme de solicitare a cdii ferate propriu-zise si
a aparatului de cale cu suduri cap la cap prin topire
in componenta lor.

A fost necesara o perioada de mai mult de jumatate
de secol, ca Tn final, E.N. 13674-1:2003 [1] sa
prevada incercarea la oboseald a sinei cu amplitu-
dine constanta conform 1.S.0. — 1099 (ultima editie),
cu o deformatie totala a amplitudinii de 0,00135 mm
si durata de utilizare a fiecarui esantion sa fie mai
mare de 5 x 106 cicluri (durata de viata este definita
in raport cu ruperea completa a esantionului).
Asupra conditiilor de incercare, este necesar sa se
modifice temperatura de Tncercare de la +15 °C si
+ 25 °Cla +15 °C si -40 °C cu recalcularea vitezei
de propagare a fisurilor la oboseald AK pentru toate
marcile de otel din tabelul 3 al normei europene mai
sus rubricata, iar ciclul deformatiei trebuie aplicat in
conformitate cu ciclurile de solicitare reale (din ex-
ploatare) si anume asimetric pozitiv (alternant nega-
tiv) si asimetric negativ (alternant negativ), ambele
ca cicluri alternante alaturi de ciclul alternant sime-
tric prevazut in [1] (a se vedea tabelul 2).
Coeficientul de asimetrie in cazul acestor cicluri este
R=0. Ciclurile in care tensiunile isi schimba semnul
(coloanele 3, 4 si 5) se numesc cicluri alternate.
Acestea au coeficientul de asimetrie negativ. Cel mai
frecvent intalnit in practica este ciclul alternat sime-
tric (coloana 4) care are R=-1, iar la sinele caii ferate
propriu-zise si la reperele de rulare ale aparatului de
cale 0>R>-1 (coloana 3) si-1>R>-co (coloana 5).
Tncercérile la oboseald se vor extinde si pe epruvete
prelevate din talpa sinei, deoarece solicitarea cu am-
plitudine constantd, adica alternant Tn ciclu simetric
este defavorabila in aceastd zona supusa la intindere
— compresiune in regim dinamic (figura 1).

Aceasta figura inlocuieste figura 3 din standardul eu-
ropean mai sus rubricat si identic se va proceda cu
privire la determinarea vitezei de propagare a fisurii
la oboseald (pagina 32 din standardul rubricat) in
capul (coroana) si talpa sinei, acului etc.

Epruvetele se prelucreaza cu grija, se slefuiesc pen-
tru inldturarea urmelor lasate de sculele aschietoare,
urme care micsoreaza categoric rezistenta la oboseala
a acestora. Deoarece forma epruvetei influenteaza re-

and techn. Aurel Simion Moga and these specific
hypotheses of the breakage of steel materials have
demonstrated the transition from the interpretation
of breakage as a global yield phenomenon (elastic
theories of strength of materials Saint- Venant, Mohr
etc.) to the interpretation of breakage as a local nu-
cleation phenomenon (concentrator of tension) and
the propagation with extension of the cracks under
the action of the most diverse forms of stress of the
railway itself and of the track device with butt welding
by melting in their composition.

It took more than half a century, and finally, E.N.
13674-1: 2003 [1] to provide for the fatigue test of
the rail with constant amplitude according to I.S.O.
- 1099 (latest edition), with a total amplitude distor-
tion of 0,00135 mm and the duration of use of each
sample being greater than 5 x 106 cycles (lifetime
is defined in relation to the complete breakage of
the sample). Under the test conditions, it is neces-
sary to change the test temperature from + 15 °C
and + 25 °C to + 15 °C and -40 °C by recalculating
the fatigue crack propagation speed AK for all steel
marks in Table 3 of the above-mentioned Euronorm,
and the deformation cycle must be applied accord-
ing to the current (in operation) stress cycles, name-
ly asymmetric positive (alternating negative) and
asymmetric negative (alternating negative), both as
alternating cycles along with the expected alternat-
ing symmetric cycle in [1] (see table 2).

The asymmetry coefficient for these cycles is R = 0.
The cycles in which the voltages change their sign
(columns 3, 4 and 5) are called alternating cycles.
They have a negative asymmetry coefficient. The most
common in practice is the symmetrical alternating cy-
cle (column 4), which has R =-1, and at the tracks of
the railway itself and at the running marks of the track
device 0> R>-1 (column 3) and-1> R>-co (column 5).
The fatigue tests will be extended to samples taken
from the sole of the rail, because the demand with
constant amplitude, alternating in symmetrical cy-
cle is unfavourable in this area subjected to stretch-
ing- compression in dynamic regime (figure 1). This
figure replaces figure 3 of the above-mentioned Eu-
ronorm and the same procedure will be followed to
determine the rate of propagation of the fatigue crack
(page 32 of the Euronorm) at the top (crown) and sole
of the rail, pin etc.

The samples are processed with special care, they are
sanded to remove the marks left by the cutting tools,
traces that categorically reduce their resistance to fa-
tigue. Because the shape of the test tube influences
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zultatele Tncercarii, nu se pot compara decat rezultatele
obtinute cu epruvete de aceeasi forma (figura 1).

the test results, only the results obtained in tubes of
the same shape can be compared (figure 1).

Tabelul 2. Cicluri de solicitare la oboseala de incovoiere
Table 2. Stress cycles during bending stress test

Cickri ascilte pozitive | Licluri alternante Voicluri ascitonte meqative
Licluri asimefrice pozitive Cicluri asimetrice negafive
Cicly Cicly Cicly Gicle. | Ciely | Ciely Cicly
oscilont | pufsafer | alfernont | SHE iric | alternant pulsator | ascilant
pozitiy pozitiy negativ negariv negativ negany
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Figura 1. Epruvetd pentru determinarea rezistentei la oboseald in cap (coroana)/talpa sinei Vignole si a reperelor de
rulare sudate electric cap la cap prin topire (1- cap cu filet; 2- corp epruveta; 3- con de centrare)
Figure 1. Specimen for determining the resistance to fatigue at top (crown) / sole of the Vignole rail and of the roll-
ing parts electrically butt welded by melting (1- threaded head; 2- test tube body; 3- centring cone)

Rezistenta la oboseald se determina si rezultatele se
compara intre ele in functie de metodele utilizate si
anume Wohler, Locati si Prot. Metoda Wohler este
relativsimpla, dar necesita un numar mare de probe,
ceea ce ridica durata incercarilor si costul acestora,
pentru care se pot utiliza si metodele Locati si Prot,
mai ales ca acestea pot determina influenta unor de-
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Fatigue resistance is determined and the results are
compared according to the methods used, namely
Wohler, Locati and Prot. The Wohler method is rela-
tively simple, but requires a large number of sam-
ples, which increases the duration of the tests and
their cost, for which the Locati and Prot methods
can also be used, especially as they can also deter-
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fecte si asupra rezistentei sudurii electrice cap la cap
prin topire intermediara si presiune.
Deoarece sinele caii ferate propriu-zise si reperele
de rulare ale caii ferate sudate prin acest procedeu
participa nemijlocit la siguranta circulatiei feroviare
de transport persoane si marfuri, este necesar ca in
aceastd normd [1], la pct. 8.4 Tncercéri la oboseal3,
sa se mai introduca si urmatoarele masuri pe care
producatorul trebuie sd le indeplineasca ca probe de
tip pentru productia de profile laminate (sind Vignole
cu masa mai mare sau egald cu 46 kg/m, sind ac cu
inima ingrosata si aripi inegale, contrasina U-33) si
pentru sudurile cap la cap (ac elastic, ac flexibil, varf
din otel aliat imbunatatit termic sudat cu sine — cozi,
inima turnata din otel aliat cu mangan sudata cu
sine — aripi si sine — cozi, cupoane de racordare intre
doua tipuri diferite de sine, de exemplu tip 49/54,
49/54E, 49/60, 49/65, 60/65):

 deoarece sinele (netratate/tratate termic) au o
infinitate de rezistente la oboseala legate de coe-
ficientul de asimetrie (variabil intre +1 si-00) sunt
necesare de elaborat diagramele rezistentelor la
oboseala;
infunctie de rezultatele obtinute pe epruvetele care
sunt influentate de factori constructivi, tehnologici
si de conditiile de lucru/exploatare, producatorul
nu le poate transpune direct asupra fabricatiei
curente (in curs) ci poate numai dispune dupa caz
supravegherea permanentd in functionare sau
scoaterea din cale (din exploatare);
calculul coeficientului de siguranta in functie de
natura ciclurilor de solicitare, care trebuie intro-
dus in certificatul de calitate al produsului;
rezistenta la oboseala a sudurilor cap la cap prin topire
trebuie sa fie egald cu a materialului de baza pentru
care coeficientii de siguranta trebuie sa fie cuprinsi in-
tre 3...4. Incercarea decidentd este numai pe cupoane
tehnologice de lungime determinatd, rezemate la
capete si cu forta concentratd aplicatd perpendicu-
lar in planul sudurii electrice cap la cap, debavurata
si polizata pe tot perimetrul in cadrul unei instalatii
denumita pulsator hidraulic la scara 1:1.
Administratiile de cale ferata au folosit in decursul
timpului diverse procedee tehnologice de sudare
cap la cap prin topire si rezultatele sunt prezentate in
tabelul 1. Din acest tabel se constatad superioritatea
tehnologiei de sudare electrica cap la cap prin topire
intermediara si presiune. Deoarece sinele Vignole cu
masa mai mare sau egala cu 46 kg/m conform [1]
se livreaza si tratate termic superficial pentru tipu-
rile R350HT si R359LHT cu rezistenta de rupere la

mine the influence of certain defects upon the re-
sistance of butt welding by intermediate melting and
pressure.

As the railway tracks themselves and the running
tracks of the railway welded by this process are
directly involved in the safety of the railway traffic
for the transport of persons and goods, it is neces-
sary that in this norm [1], point 8.4 be also intro-
duced the following measures to be carried out by
the manufacturer as type tests for the production
of rolled profiles (Vignole rail with a mass greater
than or equal to 46 kg/m, needle rail with thickened
core and uneven wings, U-33 rail) and for butt welds
(elastic needle, flexible needle, thermally enhanced
alloy steel tip welded with bottom rails, connection
between two different types of rails (for instance
type 49/54, 49 / 54E, 49/60, 49/65, 60/65:

e because rails (untreated / heat treated) have an
infinity of fatigue strengths related to the asym-
metry coefficient (variable between +1 and-o) it
is necessary to draw fatigue resistance diagrams;

e depending on the results obtained on the test
tubes which are influenced by constructive,
technological factors and working/operating
conditions, the manufacturer may not transpose
them directly on the current (ongoing) produc-
tion but may only dispose, depending on the
case, permanent supervision under exploitation
or their decommissioning;

e the calculation of the safety factor according to
the nature of the application cycles, which must
be entered in the product quality certificate;
the fatigue strength of butt welds by melting
must be equal to that of the basic material for
which the safety coefficients must be between
3 ... 4. The decisive test is only on technological
coupons of determined length, supported at the
ends and with the concentrated force applied
perpendicularly on the plane of the electric butt
welding, deburred and polished on the whole
perimeter in an installation called 1: 1 scale hy-
draulic pulsator.

The railway administrations have used over time var-
ious technological processes of butt welding and the
results are presented in Table 1. This table shows the
superiority of electric butt-welding technology by in-
termediate melting and pressure.

As Vignole rails with a mass greater than or equal to
46 kg/m according to [1] are delivered and surface
heat treated for types R350HT and R359LHT with a
tensile strength of at least 1175 MPa, a minimum
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tractiune minim 1175 MPa, alungirea minim 9% si
duritatea pe axa mediana a fetei de rulare 350...390
HB si chiar 380...450 HB — tratament termic super-
ficial hipereutectoid (HE Super Premium — oteluri
perlitice pentru ace, contraace si sine — aripi), difi-
cultatea sudarii cap la cap prin topire intermediara si
presiunea acestora si a reperelor de rulare consta ca
au capul (coroana) imbunatatita termic. Literatura
de specialitate contine date suficiente privind suda-
rea sinelor cap la cap prin topire intermediara si pre-
siune, dar nu se face referire la cazul cand piesele in
contact au capul (coroana) tratat termic superficial
(fmbuntétit termic). In acest scop, am conceput un
plan statistic de cercetare dependent de urmatorii
factorisi nivele de cercetare: ordinea operatiilor, pre-
siunea de refulare, starea de tensiune determinata
de tratamentul termic superficial si sudarea electrica
cap la cap, continutul de carbon, temperatura de
incercare si determinarea rezistentei la oboseald
(acestea au fost retinute pentru toate sudurile elec-
trice cap la cap prin topire din cuprinsul aparatului
de cale) [10]. Am studiat macro si microstructura su-
durilor cap la cap si a zonelor influentate termic (ZIT)
in regim tehnologic de sudare ,dur” si ,moale”, pre-
siunea de refulare in regimul dur a fost cuprinsa in
intervalul 5,68...6,86 daN/mm?, iar in regimul moale
de 3,40...4,41 daN/mm?. S-a efectuat determinarea
rezistentei la oboseala de incovoiere in regim alter-
nant asimetric pe cupoane tehnologice si s-a obtinut
valoarea dominanta de 25,5 daN/mm?, ceea ce arata
ca sudarea in regim dur determind o majorare cu
8% fata de regimul moale (in exploatare incdrcarea
transmisa de materialul rulant se concretizeaza prin
forta aplicata in pozitie inclinata la 30° fata de axa
verticald la contactul roatd-sind). Din rezultatele
obtinute, rezistenta la oboseald determinata in
pozitie Tnclinata la 30° a sinei (a reperului de rulare)
este de 2/3 din limita la oboseald determinata cu
sarcina aplicata in pozitie verticala direct in planul
sudurii cap la cap. Pentru a nu afecta negativ trata-
mentul termic superficial al sinei si al reperului de
rulare, am testat un regim de sudare combinat —
JTERMOMECANIC”, care consta in faptul cd dupa su-
darea propriu-zisa cap la cap si debavurarea totala
(pe tot perimetrul sectiunii transversale), cele doua
piese sudate se strang din nou n bacurile masinii de
sudat si se Tncalzesc prin circuitul secundar al masinii
de sudat timp de 2 pana la 2,5 minute la atingerea
temperaturii de 950...1000 °C, dupa care se face o
noua refulare. Prin acest procedeu se indeparteaza
zonele oxidate de la refularea primara si se obtine
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elongation of 9% and a hardness on the middle axis
of the face 350...390 HB and even 380...450 HB- hy-
pereutectoid surface heat treatment (HE Super Pre-
mium - pearlitic steels for needles, countersinks and
rails- wings), the difficulty of butt welding by interme-
diate melting and their pressure and of running parts
is that they have a thermally improved top (crown).
Scientific literature contains sufficient data on butt
welding by intermediate melting and pressure, but
does not refer to the case when the parts in con-
tact have a top (crown) surface treated (thermally
improved).

For this purpose, we have designed a statistical re-
search plan depending on the following factors and
levels of research: order of operations, discharge
pressure, voltage state caused by surface heat treat-
ment and butt welding, carbon content, test temper-
ature and determination of fatigue strength (these
were retained for all electric butt welds by melting
within the track device) [10]. We studied the macro
and microstructure of butt welds and thermally influ-
enced areas (ZIT) in “hard” and “soft” welding tech-
nology, the discharge pressure in the hard regime
was in the range of 5.68...6.86 daN/mm?, and in the
soft regime of 3.40...4.41 daN/mm?. The asymmet-
ric alternating bending fatigue strength was deter-
mined on technological coupons and the dominant
value of 25.5 daN/mm? was obtained, which shows
that the hard welding determines an increase of 8%
compared to the soft regime (in operation the load
transmitted by the rolling stock is materialized by
the force applied in an inclined position at 30° to the
vertical axis at the wheel-rail contact).

From the obtained results, the fatigue strength de-
termined at an inclined position at 30° of the rails
(of the running reference) is 2/3 of the fatigue limit
determined by the load applied in a vertical position
directly in the plane of the butt weld. In order not to
negatively affect the surface heat treatment of the
rail and of the running part, we tested a combined
welding regime - "THERMOMECHANICAL", which
consists in the fact that after the actual butt weld-
ing and total deburring (on the entire perimeter of
the cross section), the two welded parts are tight-
ened again in the tanks of the welding machine and
heated through the secondary circuit of the weld-
ing machine transformer for 2...2.5 minutes when
the temperature reaches 950...1000 °C, after which
a new repression is made. This process removes
the oxidized areas from the primary discharge and
obtains a substantial reduction of the thermally in-
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o reducere substantiala a zonei influentata termic
cu inldturarea granulatiei grosolane (grobd) din
aceasta zona datorita unei recristalizari a sudurii, iar
caracteristicile mecanice obtinute aratd ca: variatia
duritatii in ZIT in regim dur termomecanic s-a redus
la circa 20 mm, toate epruvetele prelevate din cap
(coroand), inima si talpd s-au rupt in zona metalului
de baza in afara ZIT, iar la examinarea suprafetelor
nu s-au constatat defecte determinate de procedeu,
cu un ZIT redus si un plan de separatie greu percep-
tibil in zona Tmbinarii sudate, rezultatul fiind 25,5
daN/mm? (figura 2).

fluenced area by removing the coarse granulation
(rough) from this area due to a recrystallization of
the weld, and the mechanical characteristics ob-
tained demonstrate the following: hardness varia-
tion in ZIT under hard thermomechanical condition
was reduced to about 20 mm, all samples taken from
the top (crown), heart and sole broke in the area of
the basic metal outside the ZIT, and on examination
of the surfaces no defects were found due to this
procedure, with a low ZIT and a hardly noticeable
separation plane in the area of the welded joint con-
cluding the final result of 25.5 daN/mm? (figure 2)
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Figura 2. Curbele de variatie ale duritatii n sectiune longitudinald a capului (coroanei) sinei sudate electric cap la
cap prin topire intermediara si presiune
Figure 2. Curves of variation of the hardness in longitudinal section of the top (crown) of the electrically butt-weld-
ed rail by intermediate melting and pressure

Rezultatele obtinute prin acest procedeu sunt su-
perioare tehnologiilor existente pana in prezent si
pentru sinele caii ferate propriu-zise si reperelor de
rulare ale aparatelor de cale cu joantele sudate, fiind
necesare madsuri care sa permita progresiv generaliza-
rea vitezelor de circulatie de la punctul 1 din articol
pentru mentinerea sigurantei feroviare, intretinerea
corespunzatoare conform instructiilor C.F.R., stabili-
tatea corespunzatoare a geometriei contactului op-
tim roatd — sind/reper de rulare, slefuirea (aschierea
prin polizare) a suprafetelor de rulare, verificarea
nedistructiva (defectoscopie ultrasonica si radioactiva
neinvaziva a tuturor sudurilor cap la cap) si analize
metalografice pe probe extrase din calea propriu —zisa
si aparatele de cale din zonele cu trafic feroviar ridicat
si temperaturi minime si maxime ale mediului ambiant.
Se considera ca prin valorificarea acestor date tehnice
se pot completa EN 14587-1:2007 si EN 14587-2:2009
cu includerea explicita a incercarii la oboseala a sinelor
si reperelor de rulare ale aparatelor de cale sudate
electric cap la cap prin topire intermediara si presiune:

The results obtained by this process are superior to
the existing technologies so far and for the actual
rail tracks and running parts of the track devices
with welded joints, measures are needed to allow
the progressive generalization of traffic speeds in
point 1 of the article for maintaining railway safety,
proper maintenance according to C.F.R. instruc-
tions, proper stability of the geometrical optimal
wheel-rail contact, sanding (polishing) of treads,
non-destructive testing (non-invasive ultrasonic
and radioactive defectoscopy of all butt welds) and
metallographic analyses on samples extracted from
the track itself- the track devices from areas with
high rail traffic and minimum and maximum ambi-
ent temperatures.

It is considered that the use of these technical data
can supplement EN 14587-1: 2007 and EN 14587-
2: 2009 with the explicit inclusion of the fatigue
test of the rails and running parts of electrically
welded tracked devices by intermediate melting
and pressure:

21



SUDURA, XXXII - 1/2022

e pentru verificarea la oboseald se fac incercari pe
cupoane de proba supuse unor conditii de solici-
tare similare celor existente in exploatare, adica
la incovoiere, care se repeta in mod alternativ la
un anumit numar de ori/minut (tabelul 2);
cuponul de proba de 1,3 m lungime este fixat
pe doud reazeme aflate la distanta de 1,00 m.
la mijlocul cuponului de proba, pe cap (coroana)
direct perpendicular in planul sudurii cap la cap
actioneazad o sarcind P a cdrei valoare este de
15...40 kN si maxima 200...500 kN, iar numarul
de cicluri pe minut este reglat intre 200...500
kN. La un anumit numar de schimbari ale sarcinii
P se produce ruperea prin oboseald a cuponu-
lui de proba; in cazul unei sarcini de 800...1000
kN este suficientd o singura solicitare pentru a
se produce ruperea probei. Existd o anumita
sarcind care poate fi suportata de cuponul pen-
tru proba, infinit de mult, fard a se produce ru-
perea. Tensiunea maxima de incovoiere la talpa
sinei calculatd la aceasta sarcind in fibra cea mai
indepartata de axa neutra a sectiunii transversale
a sinei reprezinta rezistenta la oboseala a probei;
deoarece la efectuarea acestei probe nu se poate
pulsa de un numar infinit de ori, in practica s-a
stabilit, prin cercetare, pentru otelul sinei si
reperelor de rulare sudate electric cap la cap prin
topire intermediara si presiune 2x10°...5x10°
pulsatii.

producatorul sinelor, pofilelor speciale de rulare
din cuprinsul aparatului de cale si al sudurilor elec-
trice cap la cap are obligatia de a comunica in certi-
ficatul de calitate marimea rezistentei la oboseala.
Pentru informare, cercetarile efectuate la ISIM
Timisoara privind rezistentele la oboseald ale
sinelor, in functie de tratamentele aplicate, releva
urmadtoarele rezultate globale, confirmate si de
literatura de specialitate straina, deoarece, otelul
de sine si al reperelor de rulare (ac, contraac, sina
plind, contrasina U-33) este foarte sensibil mai ales
fata de inegalitatile si defectele superficiale determi-
nate de procesele tehnologice de laminare si prelu-
crare ulterioara la rece (frezare, rabotare, gaurire)
si la cald (forjare, sudare, tratament termic), care
sunt trecute Tn tabelul 3. Deoarece m-a preocupat
aceastd problema si am putut lucra efectiv pe un pul-
sator hidraulic din dotarea Atelierului de proiectare si
tehnologie aparate de cale Buzau, am coordonat dife-
rite Tncercari pe cupoane tehnologice noi si uzate de la
reperele de rulare la scara 1:1, determinand rezistenta
la oboseald prin incovoiere in diferite cicluri [10]. Tn
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* for the fatigue check, tests are performed on test
coupons subjected to stress conditions similar to
those existing in operation, ie bending, which
is repeated alternately at a certain number of
times / minute (table 2);

e the 1.3 m long test coupon is fixed on two sup-
ports at a distance of 1.00 m. In the middle of the
test coupon, on the top (crown) directly perpen-
dicular to the plane of the butt welding, there
is a P load whose value is 15...40 kN and maxi-
mum 200...500 kN, and the number of cycles
per minute is adjusted between 200...500 kN. At
a certain number of changes in the P load, the
test coupon breaks due to fatigue; in the case
of a load of 800...1000 kN, a single load is suf-
ficient for the sample to break. There is a certain
load that can be borne by the sample coupon,
infinitely much, without breaking. The maximum
bending stress at the sole of the rail calculated
at this load in the fiber furthest from the neutral
axis of the cross-section of the rail is the fatigue
strength of the sample;

* because it cannot be pulsed an infinite number
of times when performing this test, in practice it
has been established, following research, for rail
steel and electrically butt-welded rolling parts by
intermediate melting and pressure, a number of
2x10°...5x10° pulses.

the manufacturer of the rails, of special running

profiles within the track apparatus and of the

electric butt welds has the obligation to com-
municate in the quality certificate the size of the
fatigue resistance.

For information, the research carried out at ISIM

Timisoara on the fatigue resistance of the rails, de-

pending on the treatments applied, reveals the fol-

lowing global results, also confirmed by the foreign
scientific literature, because the steel of the rails and
the rolling parts (needle, counter, full rail, counter
rail U-33) is very sensitive especially to the inequali-
ties and surface defects caused by the technologi-
cal processes of rolling and subsequent cold-rolling

(milling, planning, drilling) and hot (forging, welding,

heat treatment), which are listed in table 3.

Because | was concerned about this problem and |

was able to actually work on a hydraulic pushbut-

ton from the Buzau Railway Equipment Design and

Technology Workshop, | coordinated various tests

on new and used technological coupons from the

running parts to scale 1:1, determining the resist-

ance to fatigue by bending in different cycles [10].
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consecinta, propun completarea EN 13674-1:2003 cu
formularea: ”...dublate si pe cupoane tehnologice noi si
uzate prelevate din profile laminate noi si repere de ru-
lare uzate prin una din metodele Wohler, Locati si Prot
[13]”

Accordingly, | propose to supplement EN 13674-1:
2003 with the statement: " doubled and on new and
used technological coupons taken from new lami-
nated profiles and used running parts by one of the
methods Wohler, Locati and Prot [13].”

Tabelul 3. Rezistenta la oboseald de incovoiere a sinelor in functie de tratamentul aplicat
Table 3. Resistance to rail bending fatigue depending on the treatment applied

Tip sina

Rezistenta la oboseala

Type of rail

Fatique resistence

Sina normald (nesudata)

Normal rail (not welded)

26,0 daN/mm2

Sina nesudata polizata

Polished non-welded rail

43,0 daN/mmz2

Sina sudata aluminotermic

Aluminothermic welded rail

13,5 daN/mm2

Sina sudata electric prin topire intermediara fara slefuirea talpii

22,0 daN/mm2

Electrically welded rail by intermediate melting without sanding the sole

Sina sudata electric prin topire intermediara cu slefuirea talpii

Electrically welded rail by intermediate melting with sanding the sole

28,0 daN/mm2

Din cauza comportarii diferite Tn spatiul a reazeme-
lor constituite din traverse si piatra sparta a cdii fera-
te propriu-zise si a aparatelor de cale, precum si a
diferentei intre Tncarcarile transmise de rotile osiilor
montate ale materialului rulant, solicitarile variaza in
timp de la 0 zona la alta a platformei cdii ferate si
respectiv a aparatelor de cale.

Tensiunile reziduale in talpa sinelor si a profile-
lor speciale din compunerea aparatelor de cale se
determina cu un traductor (marcad tensoelectrica)
fixat initial pe fata inferioara a talpii. Suprafata pe
care este fixata trebuie separata de sing, iar efor-
turile (tensiunile) eliberate trebuie utilizate pentru
evaluarea marimii lor; aceste valori trebuie consi-
derate ca fiind cu semn schimbat fatda de valoa-
rea tensiunilor initiale prevazute in [1], in anexa C
(normativa), punct C1- Metoda de lucru (figura 3),
se va completa astfel: ,,Determinarea tensiunii rezi-
duale a sinei se face cu ajutorul tensometriei elec-
trice rezistive prin lipirea (fixarea) marcilor direct pe
talpa sinei conform figurii C1, modificata in sensul
ca nu se vor preleva epruvete de 1 m lungime, ci de-
terminarea va fi direct pe produsul laminat la scara
1:1 pe lungimea obtinuta din laminare. Dispunerea
pe lungimea barei se face incat sa se cuprinda trei
planuri transversale, din care doua la fiecare capat
al barei, la distanta de 1,50 m si al treilea la mijlo-
cul lungimii barei, in cazul in care profilul este pre-
lucrat tehnologic (aschiere, forjare etc.); in planul
sudurii electrice cap la cap prin topire intermediara
si presiune se fixeaza trei marci conform figurii 4
din prezentul articol. Figura C-2- pagina 75 din EN

Due to the different behaviour in the space of the sup-
ports made of sleepers and broken stone of the railway
itself and of the track devices, as well as due to the dif-
ference between the loads transmitted by the wheels
of the mounted axles of the rolling stock, the demands
vary in time from one area of the railway platform to
another and respectively of the railway equipment.

The residual stresses in the sole of the rails and of
the special profiles in the structure of the track de-
vices are determined by a transducer (tensoelectric
type) initially fixed on the underside of the sole. The
surface on which it is fixed must be separated from
the rail, and the released stresses must be used to
assess their size; these values must be considered
as having changed the value of the initial stresses
provided for in [1], in Annex C (regulations), point
C1- Working method (figure 3), and it will be com-
pleted as follows: “The determination of the residual
stress of the rail is made with the help of resistive
electric tensometry by gluing (fixing) the marks di-
rectly on the sole of the rail according to figure C1,
modified in the sense that no 1 m long sample tubes
will be taken, but the determination will be directly
on the laminated product at a scale of 1: 1 on the
length obtained from the rolling. The arrangement
along the length of the bar is made up so that to
cover three transverse planes, of which two at each
end of the bar, at a distance of 1.50 m and the third
in the middle of the length of the bar, if the profile
is technologically processed (cutting, forging etc.); in
the plane of the butt welding by intermediate melt-
ing and pressure, three marks are fixed, according
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13674-1:2003 este necorespunzator realizatd deoa-
rece induce tensiuni incarcatoare/descarcatoare de
tensiuni reziduale care nu se pot compara cu pre-
vederea din acest standard punct 8.5.4.- Criterii de
acceptare ... Pentru toate marcile de otel, tensiunea
reziduald longitudinald Tn talpa trebuie sa fie de
maximum 250 MPa.” (figurile 3, 4). Crestaturile 2 din
figura 3 determina descarcarea tensiunilor interne si
valoarea masurata nu este reald; in concluzie la figu-
ra C.2 — pag. 75 din standardul mai sus rubricat se
propune inlocuirea cu figura 4 din prezentul articol.
Deoarece intre punctele prezentate mai sus exista o
legdtura directd, rezultatele efective ale incercarilor
la oboseala de incovoiere si ale tensiunii reziduale
longitudinale pe sarjd (lot de fabricatie) trebuie sa
fie trecute de producator in certificatul de calitate
ca masura de control si comparatie in cazul aparitiei
unor defecte in timpul utilizarii sau la scoaterea din
uz a aparatului de cale, similar radiografiei sudurilor
din cuprinsul caii ferate propriu — zise si ale reperelor
de rulare ale aparatelor de cale.

Figura 3. Amplasarea marcii de deformatie pentru masurarea
tensiunii reziduale (1-axa; 2-crestatura-plan de separatie;
3-marcd de deformatie; 4-talpa sinei)

Figure 3. Location of the deformation mark for measuring
the residual stress on the sole surface according to EN
13674- 1: 2003 (1-axis; 2-notch-separation plane; 3-
deformation mark; 4-rail sole)

Tntrucat sinele Vignole si reperele de rulare pentru
aparatele de cale se executa si cu tratament ter-
mic superficial cu duritate superioara 400 HB si se
sudeaza electric cap la cap, tribologia contactului
roata-sind incepe sa permita uzarea prematura a
rotilor osiei montate a materialului rulant Tn detri-
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to figure 4 of this article. Figure C-2- page 75 of EN
13674-1: 2003 is improperly made because it in-
duces residual charging / discharging stresses which
cannot be compared with the provision in this Eu-
ronorm point 8.5.4.- Acceptance criteria ... For all
steel types, the longitudinal residual stress in the
sole shall be a maximum of 250 MPa" (figures 3, 4).
The notches 2 in figure 3 cause the internal stresses
to discharge and the measured value is not real; In
conclusion, figure C.2- page 75 of the above-men-
tioned Euronorm is proposed to be replaced by fig-
ure 4 of this current article. Because between points
presented above there is a direct connection, the
actual results of the tests for bending stress durabil-
ity and the longitudinal residual stress on the load
(batch) must be written down by the manufacturer
in the quality certificate as a control and comparison
measure in case of defects during utilization or the
decommissioning of the track apparatus, similar to
the radiography of the welds on the actual the rail-
ways and of the running parts of the track devices.

I
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Figura 4. Amplasarea marcii de deformatie pentru mdsurarea
tensiunilor reziduale longitudinale (M-marcd pentru
deformatie; L-marimea tdlpii sinei sau a reperului de rulare
sudate electric)

Figure 4. LLocation of the deformation mark for measuring
the longitudinal residual stresses (M-mark for deformation;
L-size of the rail sole or electrically welded tread)

As the Vignole rails and running parts for track devic-
es are also made with surface heat treatment with a
hardness of more than 400 HB and are welded elec-
trically to the butt, the tribology of wheel-rail con-
tact begins to allow premature wear of the wheels
of the mounted axle to the prejudice of the tech-
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mentul echilibrului tehnico-economic al celor doua
piese Tn contact (roatd/sind, roatad/reper de rulare,
sudate electric cap la cap intre ele).

De ce nu se initiaza de producatorii de aparate de
cale impreund cu autoritdtile feroviare europene
completarea EN 13232-9:2006 cu proba de veri-
ficare la uzura de contact — alunecare a sistemului
roata/sina, roata/reper de rulare sudate electric cap
la cap intre ele? [2]

Pe reperele de rulare ale aparatului de cale, sarcinile
sunt aplicate in general prin soc, deoarece vitezele
v, deci si impulsurile m-0 variaza brusc. Fenomenul
mecanic in care impulsul variaza brusc se numeste
ciocnire. O alta forma m-0 Tn care apare ciocnirea
este aplicarea bruscd a unei legaturi noi, rigide a unui
corp aflat Tn miscare (de exemplu un punct de pe
suprafata de rulare a rotii osiei montate). Desfacerea
sau pierderea brusca a unei legaturi nu este o ciocni-
re, intrucat in acest caz impulsurile variaza continuu.
Tn aceasts situatie, calculul la solicitarea prin soc are
la baza relatiile stabilite in cursurile de mecanica si
rezistenta materialelor, ce utilizeaza diferite expresii
ale multiplicatorului de impact pe baza caruia se
face apoi o corectie a tensiunilor si deformatiilor cal-
culate In conditiile unei solicitari statice. Neglijarea
undelor elasto-plastice care se propaga in corpul lo-
vit (reperul de rulare al aparatului de cale), precum
si absenta abordarii corecte a contactului in regim
dinamic conduc la o serie de rezultate care difera
foarte mult fata de cele obtinute experimental [11],
[12], [13], [14]. Aceasta solicitare ce caracterizeaza
in realitate calea feratd propriu-zisa si aparatul de
cale (sarcini orizontale/verticale, sarcini termice,
socuri si vibratii) in SREN 13674-1:2006 a fost scoasa
incercarea la soc sau nici nu a fost introdusa.

In tara noastrd producdtoare cu traditie istorica
pana in anul 1990 a sinelor grele de cale ferata tip
40 kg/m, 49 kg/m (la CS Resita), 54 kg/m (la CS
Hunedoara) si un lot prototip de 200 tone sina tip 49
kg/m si 60 kg/m (la CS Calarasi), in prevederile STAS-
urilor 2953-80, 1900-89, 11179-79, 11201/1-80 si
11189/1-80 incercarea la soc alaturi de incercarea
la oboseala de incovoiere Wohler, Locati si Prot erau
eliminatorii pentru intreaga sarja destinata Cailor
Ferate Romane.

Propun ca aceasta incercare sa se introduca in SREN
13674-1:2006 [1], indiferent ca sina si celelalte profile
de rulare se fabrica in tarad sau se procura din import,
deoarece este o garantie a sigurantei circulatiei pe
calea feratd si pe aparatul de cale cu joantele sudate
electric cap la cap. Fac aceastd remarca deoarece pe

nical-economic balance of the two parts in contact
(wheel / rail, wheel / tread, electrically butt welded).
Why is it not initiated by the railway equipment
manufacturers together with the European railway
authorities the completion of EN 13232-9: 2006
with the wear test for contact- slip of the wheel / rail
system, wheel / running reference electrically butt
welded [2]?

On the running marks of the track device, the loads
are generally applied by shock, because the speeds
v, therefore the impulses m-0 vary suddenly, too.
The mechanical phenomenon in which the impulse
varies abruptly is called a collision. Another form
m-0 in which the collision occurs is the sudden ap-
plication of a new, rigid connection to a moving body
(for example, a point on the running surface of the
mounted axle wheel). The sudden release or loss
of a connection is not a collision, as in this case the
pulses vary continuously. In this situation, the shock
load calculation is based on the relationships es-
tablished in the mechanics and the strength of the
materials courses, which use different expressions
of the impact multiplier based on which a further
correction of stresses and strains calculated under a
static load is made. The neglect of the elastic-plastic
waves that propagate in the hit body (the running
landmark of the track device), as well as the absence
of the correct approach of the contact in dynamic
regime, lead to a series of results that differ very
much from those obtained experimentally [11], [12],
[13], [14]. This request, which actually characterizes
the railway itself and the track device (horizontal /
vertical loads, thermal loads, shocks and vibrations)
in SREN 13674-1: 2006, the shock test was removed
or not even introduced.

In our country with historical tradition in manufac-
turing until 1990 the heavy rails type 40 kg/m, 49
kg/m (at CS Resita), 54 kg/m (at CS Hunedoara) and
a prototype batch of 200 tons rail type 49 kg/m
and 60 kg/m (at CS Calarasi), in the provisions of
STAS 2953-80, 1900-89, 11179-79, 11201/1-80 and
11189/1-80, the shock test together with the test
bending stress durability, Wohler, Locati and Prot
were the eliminators criteria for the entire load of
the Romanian Railways.

| propose that this test be introduced in SREN 13674-
1: 2006 [1], regardless of whether the rail and other
running profiles are manufactured in the country
or procured from import, as it is a guarantee of the
safety of rail traffic and on the rail bonds with butt
welded joints. | make this remark because on the one
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de o parte pe parcursul unui an calendaristic tempe-
ratura mediului ambiant variaza de la - 30°C la + 40°C,
iar pe de alta parte cresterea rezistentei la uzura de
contact — alunecare a suprafetei de rulare a sinei nor-
male si a sinei ac prin tratament superficial de calire
(cu autorevenire prin caldura retinuta in partea de jos
a capului si a inimii) cu duritati chiar de pana la 50
HRC, prin solicitarile exterioare prezentate si in acest
articol, se pot produce defecte care ies din sfera con-
trolului curent de calitate.

Tncercarea la soc se efectueazd asupra unei probe
de sina cu aspect, forma, dimensiuni, rectiliniaritate,
simetrie, ondulare, compozitie chimica si proprietati
mecanice corespunzatoare, inclusiv rezistenta la in-
covoiere de oboseala la temperatura mediului ambi-
ant de minimum + 5°C.

Aceasta consta in lovirea o singurd datd a probei pe
capul (coroana) sinei la jumatatea distantei dintre
reazeme cu o greutate (berbec), ghidata de la o inaltime
H (mm) care variaza in functie de masa berbecului Mb
(kg) si masa sinei Ms (kg/m) conform relatiei (1).

hand during a calendar year the ambient tempera-
ture varies from - 30 °C to + 40 °C, and on the other
hand the increase in wear resistance to contact- slip-
ping of the running surface of the normal rail and of
the needle rail by surface hardening treatment (with
self-recovery due to the heat retained in the lower
part of the top and middle) with hardness even up
to 50 HRC, by the external stresses presented in this
article, there might be defects which can go out of
the current quality control.

The shock test shall be performed on a rail test with
aspect, shape, dimensions, rectilinearity, symmetry,
corrugation, chemical composition and correspond-
ing mechanical properties, including bending stress
durability at ambient temperature of at least + 5 °C.
This consists of striking the sample on the top
(crown) of the rail only once at half the distance be-
tween the supports with a weight (tup), guided by a
height H (mm) which varies according to the mass of
the tup Mb (kg) and the weight of the rail Ms (kg/m)
according to the relation (1).

H-M, =150 - Ms (1)

Aceasta incercare se executd in urmatoarele conditii:
masa berbecului este 1000 kg, Tndltimea de cadere
masurata de la nivelul superior al capului (coroanei)
sinei poate varia (de exemplu pentru sina tip 60 kg/m
H =9,5 m), proba are lungimea 1300 mm tdiatd la
cald, simplu rezemata pe doua reazeme la distanta
de 1000 mm, ghidajul este absolut rigid, plan, ver-
tical si astfel dispus Tncat frecarea in timpul caderii
sa fie redusa la minimum, berbecul avand o forma
simetricd in raport cu planul de ghidare si centrul de
greutate cat mai jos posibil pe axa verticald, un sis-
tem de declansare care nu trebuie sa produca nici
o miscare laterala Tn timpul actiondrii, batiul berbe-
cului are o masa de 10.000 kg, fundatia este rigida,
reazemele pe care se asaza sina sunt fixate rigid de
batiu (figura 5).

This test is performed under the following condi-
tions: the mass of the tup is 1000 kg, the height
of fall measured from the upper level of the top
(crown) of the rail may vary (eg for rail type 60 kg
/ mH=9.5m), the sample has length of 1300 mm
hot cut, simply supported on two supports at a dis-
tance of 1000 mm, the guide is absolutely rigid, flat,
vertical and arranged so that the friction during the
fall is reduced to a minimum, the tup having a sym-
metrical shape in relation to the plane of guide and
centre of gravity as low as possible on the vertical
axis, a trigger system which must not produce any
lateral movement during operation, the tup's frame
has a mass of 10,000 kg, the foundation is rigid, the
supports on which the rail rests are rigidly fixed to
the frame (figure 5).

b

Figura 5. Forma berbecului (a) si a reazemelor (b) la instalatia de incercare la soc
Figura 5. Shape of the tup (a) and of the supports (b) in installation of shock testing

Periodic berbecul si reazemele se rectificd pentru
a corespunde intocmai formei din figura 5. Probele
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Periodically, the tup and the supports are ground to
fit exactly as shown in figure 5. The rail samples sub-



SUDURA, XXXII - 1/2022

de sind supuse incercarii la soc trebuie sa reziste
fara a se rupe sau fisura; in cazul cand proba se in-
doaie, sageata se inregistreaza. Daca numai una din
incercarile la soc nu corespunde (de exemplu se in-
doaie usor si se rupe, se indoaie usor si se fisureaza
capul tratat sau netratat termic etc.) se procedeaza
la un control pe un numar dublu de probe; daca nu-
mai o contraprobd nu este corespunzatoare, toate
sinele din sarja respectivd se resping ca rebut. in
cazul In care rezultatul pe toate contraprobele este
corespunzator, sarja de sine se accepta.

Tn intervalul de garantie al aparatului de cale de
la data introducerii in exploatare, cel putin o data
clientul-cumparator si producatorul-furnizor, trebuie
sa determine starea de tensiuni in reperele de ru-
lare si in barele de actionare ale acelor si ale var-
furilor mobile ale inimii, Tn sectiunile caracteristice
stabilite numai de catre proiectantul aparatului de
cale [12] [13]; in functie de rezultatele masuratorilor
in regim dinamic (cu trenuri in circulatie si cu loco-
motive izolate) se analizeazd si se decide de mem-
brii comisiei continuarea utilizarii aparatului de cale
sau efectuarea unor remedieri constructive, tehno-
logice, inclusiv la platforma reazemelor; din comisia
respectiva trebuie sa faca parte si reprezentantul
neutru al autoritatii feroviare.

Pentru o relatie directa si corectd intre producatorul-
furnizor si clientul-cumpardtor la contractarea
aparatelor de cale din fabricatie curentd este nece-
sar sa se prevada cd primul preda celuilalt mapa
cu desenele produsului necesara pentru instruirea
personalului de fintretinere, achizitionarea piese-
lor de schimb si mdsurarea uzurilor. Desenele vor fi
insotite de caietul de sarcini cu toate instructiunile
de montare pe reazeme, revizie periodica, cote,
tolerante etc., necesare unei exploatdri rationale si
sigure. Toate desenele si instructiunile sunt propri-
etatea producatorului — furnizor si utilizarea lor de
catre clientul — cumparator se fac numai in scopul
celor indicate mai sus. Propun ca aceasta masura
sa se introduca si Tn SREN 13232 — 9:2007 Aplicatii
feroviare. Cale. Aparate de cale. Partea 9. Ansamblu
aparat de cale.

La verificarea macroscopica pentru depistarea reta-
surilor pe amprenta Baumann si a fulgilor, proportia
incercarilor sa fie de doua probe pe sarja pentru
sarjele pana la 100 t si pentru sarjele mai mari de
100 t cate 2 probe pentru fiecare 100 t sau/fractiuni
mai mari de 50 t si sa fie acceptabila ca amprenta
macroscopica perfectd numai D1 figura 1 de la pa-
gina 77 [1], iar celelalte figuri ca D2 — segregare

jected to the shock test must withstand breaking or
cracking; If the sample bends, the arrow is recorded.
If only one of the shock tests does not match (for
example, it bends slightly and breaks, bends slightly
and cracks the heat-treated or untreated top etc.) a
double number of samples shall be checked; if only
one counter-test is not appropriate, all rails in that
batch shall be rejected as scrap. If the result on all
the counter-tests is correct, the whole load of rails
is accepted.

During the warranty period of the track device from
the date of entry into service, at least once the cus-
tomer-buyer and the manufacturer-supplier must
determine the state of strength in the running marks
and in the actuating bars of the needles and the
moving tips of the core, in the characteristic sections
determined only by the designer of the track device
[12] [13]; Depending on the results of the measure-
ments in dynamic mode (with running trains and
isolated locomotives), the members of the commis-
sion analyse and decide on the continuation of the
use of the track apparatus or the performance of
constructive, technological remedies, including on
the support platform; the neutral representative of
the railway authority must also be a member of that
committee.

For a direct and correct relationship between the
manufacturer-supplier and the customer-buyer
when contracting the currently manufactured track
devices it is necessary to provide that the first hand
over to the other the folder with the product draw-
ings necessary for training the maintenance staff,
purchasing spare parts and measuring wear. The
drawings shall be accompanied by the specifications
with all the instructions for mounting on the sup-
ports, periodic inspection, dimensions, tolerances
etc., necessary for a rational and safe operation. All
drawings and instructions are the property of the
manufacturer- supplier and their use by the custom-
er- buyer is made only for the purposes indicated
above. | propose that this measure be introduced in
SREN 13232-9: 2007 Railway applications. Railway.
Track devices. Part 9. Track device assembly.

On macroscopic verification for Baumann finger-
print and flake cuts, the proportion of tests shall be
two samples per batch for loads up to 100 t and for
loads greater than 100 t, 2 samples per 100 t or /
fractions greater than 50 t and be acceptable as a
perfect macrograph track only D1 figurel from page
77 [1], and the other figures as D2 - small negative
positive segregation, D3- negative segregation in the
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pozitivd negativd mica, D3 - segregare negativa in
inima sinei, D4 —segregare pozitivda mica, D5 —segre-
gare dendritica, D6 — segregare in pete pe intreaga
sectiune si D7 — zona de segregdri negative determi-
nate de agitatia electromagnetica sa fie total scoase
deoarece fiecare in parte (D2...D7) sunt surse certe
producatoare de concentratori de tensiune, micro
fisuri si rupere imprevizibila a reperelor de rulare,
deoarece asemenea defecte nu pot fi admise sub
nici o forma, chiar si la cdile ferate industriale.

La C.F.R. sa se generalizeze pentru toate aparatele
de cale ca joantele interioare (ac flexibil, ac elastic,
contraace cu sinele de legdturd, cozile acelor elas-
tice cu sinele de legatura, sine de rulare cu sinele
de legdtura, sinele — aripi cu sinele de legdturd, var-
ful din otel aliat imbunatatit termic cu subansamblu
sine-cozi, corpul inimii turnate monobloc cu sinele
de legatura, precum si toate joantele exterioare de
intrare si iesire pe si de pe aparatul de cale, sa fie
prevazute in proiectele si tehnologia de fabricatie re-
alizate numai prin sudare electrica cap la cap, cu topire
intermediara si presiune in regim dur termomecanic.
Standardele EN 14587-1:2007 si EN 14587-2:2009
[3] sd se reuneasca intr-un singur standard cu denu-
mirea ,,Aplicatii feroviare. Cale si aparate de cale. Su-
dare sine si repere de rulare prin topire intermediara
si presiune pe instalatie fixa sau mobild.”, deoarece
tehnologia de sudare si produsul final trebuie sa
se realizeze, receptioneze si admite n exploa-
tare ca unic, indiferent de locul in care se executa.
Separat, propun elaborarea unui standard cu de-
numirea “Aplicatii feroviare. Cale si aparate de cale.
Sudare electricad sine si repere de rulare prin topire
intermediara si presiune pe instalatie fixa sau mobila.
Calificare, examinare, autorizare sudori care sudeaza
electric cap la cap prin topire intermediara si presiune
sine si repere de rulare.”, norma tehnica care poate fi
elaboratd cu succes la aprecierea autorului de catre
ISIM Timisoara si CN—CF—CFR—SA pe baza experientei
profesionale pe care cele doua entitati juridice o au
acumulata prin personalul de specialitate.

Cu privire la partea 1, EN 14730-1:2006 + A1:2010 si
EN 14730-2:2006 partea 2 [4], propun sa se procedeze
plecand de la urmatorul rationament: acest standard
se aplica numai la sudarea sinelor si ale reperelor de
rulare ale aparatelor de cale de la cdile ferate industri-
ale, uzinale, portuare si a sinelor de tramvai de acelasi
profil transversal, uzura si marca de otel.

Cu privire la EN 15594:2009 Aplicatii feroviare. Cale.
Repararea sinelor prin sudare cu arc electric, propun
cala Cap.1- Domeniu de aplicare, alineatul 5, randul
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heart of the rail, D4- small positive segregation, D5-
dendritic segregation, D6- spot segregation through-
out the section and D7- area of negative segregation
caused by electromagnetic agitation, are to be com-
pletely removed because each (D2 ... D7) of them
is a certain source producing stress concentrators,
micro cracks and breakage unpredictable of the rail
tracks, because such defects cannot be tolerated in
any form, even on industrial railways.

C.F.R. ought to generalize for all track devices as in-
ternal joints (flexible needle, elastic needle, counter
with connecting rails, tails of elastic needles with
connecting rails, running rails with connecting rails,
wings rails- with connecting rails, tip of thermally
enhanced alloy steel with tail rails subassembly, one-
piece cast heart with connecting rails, as well as all
external inlet and outlet joints on and off the track
apparatus, to be provided in projects and manufac-
turing technology made only by electric butt weld-
ing, with intermediate melting and hard thermome-
chanical pressure.

The standards EN 14587-1: 2007 and EN 14587-2:
2009 [3] shall come together in a single Standard
entitled “Railway applications. Track and track de-
vices. Welding rails and rolling parts by intermediate
melting and pressure on a fixed or mobile installa-
tion.”, because the welding technology and the final
product must be made, received and admitted into
operation as unique, regardless of the place where
it is executed. Separately, | propose the elaboration
of a Euronorm with the name “Railway applications.
Track and track devices. Electric rail welding and roll-
ing parts by intermediate melting and pressure on
fixed or mobile installation. Qualification, examina-
tion, authorization of welders who butt weld electri-
cally by intermediate melting and pressure rails and
running marks”, a technical norm that can be suc-
cessfully developed at the discretion of the author
by ISIM Timisoara and CN — CF — CFR — SA based on
the professional experience that the two legal enti-
ties have gained through the active specialized staff.
With regard to Part 1, EN 14730-1: 2006 + A1: 2010
and EN 14730-2: 2006 Part 2 [4], | propose to pro-
ceed on the basis of the following reasoning: this Eu-
ronorm only applies to the welding of rails and parts
of rolling stock of industrial, factory, port and tram
tracks of the same transverse profile, wear and steel
mark.

Regarding EN 15594: 2009 Railway applications. Rail-
way. Repair of rails by electric arc welding, | propose
that in Chapter 1- Field of application, paragraph 5,
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4 sa se introduca si completarea: ... otel manganos si
toate acele elastice, flexibile, din cuprinsul macazurilor
si inimilor de incrucisare cu varfuri mobile elastice care
au depasit limita de uzura, nu se repara prin sudare cu
arc electric, ci se caseaza si se inlocuiesc cu piese noi.

4. Concluzii

Masura luatd la nivel european pentru elaborarea
normelor specifice in aplicatia feroviara Cale. Aparate
de cale. aduce o contributie fundamentala tehnico —
economica pentru transportul ghidat pe sine supra-
teran si subteran, deoarece s-a creat spatiul tehnic cu
implicatii economice prin care se stabilesc prescriptii
tehnice privitoare la calitatea, dimensiunile, termino-
logia stiintifica, metode de analiza — control, care de-
finesc produsul industrial, aparatul de cale, aplicate in
scopul reglementarii unitare a proiectarii, fabricatiei,
comercializarii si intretinerii acestuia; in acest mod se
reglementeaza solutii tehnice ,tipizate” in prevederile
normelor tehnice europene.

S-a creat cadrul legal, respectiv un tipar comun pen-
tru un produs necesar transportului european fero-
viar ,Fara frontiere feroviare Vest — Est”, care unifica
pana in prezent paramentul constructiv — ecartamen-
tul —la valoarea de 1435 mm necesar deplasarii pe in-
frastructura feroviara a materialului rulant cu exceptia
Finlandei, Portugaliei, Ucrainei si Republicii Moldova,
vis-a-vis de normele SUA— ASTM si ale Federatiei Ruse
— GOST/OST. Aceste norme europene au fost preluate
de Asociatia de Standardizare din Romania (ASRO) si
au devenit standarde romanesti cu simbolul SREN.

Ca fost salariat in industria nationald de proiectare
si fabricatie a aparatelor de cale si apoi in calitate de
utilizator n exploatare si intretinere a acestui produs
industrial in cadrul C.F.R., am prezentat in acest articol
anumite completari pe care le-am considerat utile si
de stricta necesitate. Totodata, din toate SREN-urile
care reglementeaza acest produs industrial trebuie sa
se scoata cuvintele ,facultativ” si ,predictibil”, deoa-
rece siguranta circulatiei feroviare nu se mentine cu
norme si reguli benevole sau care nu trebuie facute
obligatoriu! Acesti termeni produc interpretare si
lipsa de raspundere atat pentru industria nationala
producdtoare de aparate de cale, cat si pentru per-
sonalul de exploatare si intretinere al clientului
cumparator. Aceste propuneri le consider ca masuri
preventive pentru Impiedicarea aparitiei unor eveni-
mente feroviare imprevizibile, in asa fel incat toate
procesele metalurgice, siderurgice si prelucrdtoare la
rece si la cald pentru fabricatia sinelor si a aparatelor

row 4, the following addition be introduced: ... man-
ganese steel and all the elastic movable tips that
have exceeded the wear limit, are not repaired by
electric arc welding, but are scrapped and replaced
with new parts.

4. Conclusions

Measure taken at European level to develop specific
rules in the railway application Railway. Track devic-
es, makes a fundamental technical-economic con-
tribution to the guided transport by rail above and
underground, as the technical space with economic
implications has been created by establishing techni-
cal requirements regarding quality, dimensions, scien-
tific terminology, methods of analysis- control, which
define the industrial product, track apparatus, applied
for the purpose of unitary regulation of its design,
manufacture, marketing and maintenance; in this
way, “standardized” technical solutions are regulated
in the provisions of the European technical norms.
There has been created the legal framework, respec-
tively, a common pattern for a product necessary for
the European railway transport “Without railway
borders West - East”, which unifies until now the
constructive facing- the gauge- to the value of 1435
mm necessary to move the rolling stock on the rail-
way infrastructure except Finland, Portugal, Ukraine
and the Republic of Moldova, vis-a-vis to US- ASTM
and Russian Federation- GOST / OST rules. These
European norms were taken over by the Romanian
Standardization Association (ASRO) and became Ro-
manian standards with the symbol SREN.

As a former employee in the national industry of de-
sign and manufacture of track devices and then as a
user in operation and maintenance of this industrial
product within CFR, | have presented in this article
certain additions that | considered useful and strictly
necessary. At the same time, the words “optional”
and “predictable” must be removed from all SRENs
that regulate this industrial product, because the
safety of railway traffic is not maintained with vol-
untary rules and regulations or which do not have to
be made mandatory! These terms give rise to inter-
pretation and irresponsibility both for the national
railway equipment industry and for the operating
and maintenance personnel of the purchasing cus-
tomer. | consider these proposals as precautionary
measures to prevent the occurrence of unforeseen
railway events, so that all metallurgical, steel, cold
and hot processing processes for the manufacture
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de cale, sd garanteze siguranta circulatiei, in transpor-
tul feroviar de persoane si marfuriin continua dezvol-
tare siinovare. Acceptarea acestor propuneri de catre
autoritatea elaboratoare a standardelor (EN) si SREN-
urilor (ASRO) ar aduce si o contributie substantiald
la sistemul de supraveghere si monitorizare a in-
frastructurii de transport feroviar prin detectarea
electromagnetica (ISTIMES) — programul cadru UE
(PC7) sistem de avertizare timpurie a dezastrelor care
pot determina deraierea trenurilor.

of rails and track equipment, ensure traffic safety
in rail transport of people and goods which is un-
der continuous development and innovation. The
acceptance of these proposals by the Authority for
the Development of Euronorms and SRENs (ASROs)
would also make a substantial contribution to the
Electromagnetic Detection Railway Infrastructure
Surveillance and Monitoring System (ISTIMES)- EU
Framework Program (FP7), early warning system for
disasters that can cause trains to derail..
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»Inginerul sudor” — o noua ocupatie in COR

Tn Monitorul Oficial al Romaniei, Partea I, Nr. 141/11.11.202 a fost publicat ,Ordinul privind modificarea si com-
pletarea Clasificarii ocupatiilor din Romania (COR), aprobata prin Ordinul ministrului muncii, familiei si protectiei
sociale si al presedintelui Institutului National de Statistica nr. 1.832/856/2011".

Una dintre cele 69 de ocupatii introduse in COR prin acest ordin este ocupatia de ,inginer sudor”, cod 214496.
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